Spinal subdural abscesses are rare lesions. We report the case of surgical site infection complicated with meningitis and rapidly progressive spinal subdural abscess caused by P. aeruginosa following transforaminal lumbar interbody fusion (TLIF). A 72-yearold woman was admitted to our hospital complaining of drop foot syndrome and sciatica caused by stenosis of the L5/6 intervertebral foramen accompanied by L5 lumbar vertebral fracture. Accordingly, TLIF of L5-L6 and balloon kyphoplasty of L5 were performed. On the 3rd postoperative day (POD), she was diagnosed with surgical site infection complicated with bacterial meningitis. Subcutaneous fluid, blood, and cerebrospinal fluid cultures indicated P. aeruginosa. On the 7 th POD, a repeat MRI showed a large dorsal fluid collection consistent with a subdural infection and massive cauda equina compression. We performed debridement and instrument removal and found a dural laceration that was not observed during the first operation. An intraoperative insensible dural laceration may cause bacteria intrusion into the subdural space.
Introduction
Subdural abscesses are suppurative infections of the space between the dura and arachnoid. Spinal subdural abscesses are rare lesions [1] . Bacterial abscesses involving the spinal canal are associated with high morbidity and mortality [2] . The most common pathogen in spinal subdural abscesses is Staphylococcus aureus, and Pseudomonas aeruginosa is rarely detected in such lesions [3] . Herein, we report the case of surgical site infection complicated with meningitis and rapidly progressive spinal subdural abscess caused by P. aeruginosa following transforaminal lumbar interbody fusion (TLIF). Our findings showed that an intraoperative insensible dural laceration can cause bacteria intrusion into the subdural space.
Case Report
A 72-year-old woman with no significant medical history including diabetes started suffering from back pain and leg pain in the lower parts of her left leg at 16 weeks and 8 weeks prior to admission, respectively. She visited our hospital and was suspected to have an L5 vertebral fracture. She experienced left drop foot syndrome 1 week prior to admission and was admitted to our hospital for treatment. She had lumbago and left sciatica. Manual muscle testing of the tibialis anterior and extensor hallucis longus decreased to 1/5 each. The lumbar computed tomography showed a decreased height of L5 and L6 vertebral bodies (Figure 1(a) ). Lumbar magnetic resonance images (MRI) of the L5 vertebral body showed slightly low intensity on T1-weighted images and slightly high intensity on the STIR images (Figures 1(b) and 1(c)). The left L5 nerve root was compressed within the L5/6 intervertebral foramen on the T2-weighted images (Figure 1(d) ). Myelography was performed via the L2-L3 interlaminar space eight days before TLIF. The patient was considered to present left L5 radiculopathy caused by stenosis of the L5/6 intervertebral foramen accompanied by L5 lumbar vertebral fracture. Accordingly, TLIF of L5-L6 and balloon kyphoplasty of L5 were performed. Postoperatively, the patient had no neurological deterioration.
On the 3rd postoperative day (POD), she had a high fever of 39 degrees Celsius. She had neck stiffness and back pain with tenderness on pressure. Her white blood cell count and C-reactive protein level were over 60,000/mm 3 and 23 mg/dL, respectively. Her cell count in cerebrospinal fluid (CSF) was over 5600/μL (with 87% neutrophils). Lumbar MRI showed subcutaneous fluid without any findings of a subdual abscess or leakage of CSF. A gram stain of subcutaneous fluid showed gram-negative rods. Later, subcutaneous fluid cultures, CSF cultures, and blood cultures indicated P. aeruginosa. She was diagnosed with surgical site infection (SSI) complicated with bacterial meningitis. Cefepime and vancomycin were administrated. On the 7 th POD, a repeat MRI showed a large dorsal fluid collection consistent with a subdural infection and massive cauda equina compression (Figures 2(a) and 2(b)). Fluid on the anterior part of the L5 vertebral body and subcutaneous fluid had increased compared to the previous MRI finding. Debridement and instrument removal were performed under general anesthesia. All rods and pedicle screws were removed, but the titanium cages were left. A dural laceration on the edge of the residual L6 lamina was found ( Figure 2 (c)). The arachnoid was conserved, and there was no leakage of CSF. This laceration was not recognized during the first operation. The intravenous antibiotic therapy was continued and switched to an oral antibiotic six weeks after debridement. MRI showed no findings of subdural infection (Figure 3 ). Although we planned additional fixation surgery, fortunately, 8 months later, the patient had no neurological deterioration following conservative treatment using a lumbar corset and administration of romosozumab to prevent new compression fractures and promote bone fusion. We need further follow-up because of the possibility of a slip or subsidence. If the slip progresses, we will consider surgical intervention using percutaneous pedicle screws with a different trajectory. [2] . Therefore, our case is thought to be rare.
Discussion
In our case, a dural laceration that was not observed during the first operation was found during wound debridement and instrument removal. Wu et al. reported a case of spinal subdural empyema after a dural tear during thoracic laminectomy [6] . They considered that the anatomical barrier of the dura was disrupted during the initial surgery via a dural tear, facilitating subdural extension of the infection. In our case, bacterial meningitis preceded the appearance of subdural abscess on the MRI. Wu et al. reported the case of spinal subdural abscess following meningitis caused by S. aureus [6] . In our patient, myelography was performed via the L2-L3 interlaminar space eight days before TLIF. The patient had no fever and no headache after myelography, and the puncture level was different from the operation level. Although the possibility of infection by the puncture for myelography cannot be completely excluded, it is thought that, in this instance, dural laceration during TLIF allowed bacteria to intrude into the subdural space. A spinal CSF fistula may develop into bacterial meningitis although we could not find CSF leakage. This indicates that there may be an unnoticed dural tear or laceration in cases of postoperative spinal subdural abscesses.
Subdural abscess is a serious condition, and Bartels et al. reported a mortality rate of 25% [7] . Fortunately, we could treat the patient in our case. Early diagnosis and emergent treatment are vital to prevent the formation and progression of neurologic deficits and death [2] .
This case involves left L5 foraminal stenosis after an L5 compression fracture. The most widely used surgical approach for osteoporotic spinal fractures is fusion surgery including vertebroplasty and kyphoplasty [8] . For foraminal stenosis, decompression surgery is commonly used via facetectomy and elevation of the disc height by interbody fusion [9] . Sasaki et al. reported a case of vertebroplasty and posterior interbody fusion (PLIF) for radiculopathy caused by osteoporotic vertebral fractures [10] . They reported that the surgical outcome of PLIF is better than that of other surgical methods without fixation because spinal stabilization is preserved. We performed TLIF. However, the surgical site infection rate in instrumentation surgery is higher. Recently, a report has described foraminal decompression via a lateral approach using spinal endoscopy [11] . In this case, minimally invasive endoscopic surgery may be better. P. aeruginosa can cause a rapidly progressive spinal subdural abscess when a dural laceration occurs during spinal surgery because bacteria can directly intrude into the subdural space.
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